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Description 

The present invention relates to an antenna apparatus which reduces the side lobes without increasing the beam 
width ot the antenna pattern. 

5 The antenna pattern of many antennas, including receiving antennas, is improved as the beam width and the side 

lobes thereof (which serve as indices, of a good antenna pattern) are reduced. An array antenna with reduced side 
lobes is known from document US-A-4 580 141 . 

Another known antenna device comprising two antennas arranged apart from each other utilizes the multiplication 
principle ot the directional characteristics of antennas in order to reduce the beam width of the antenna device. Ac- 

10 cording to this principle, the combined pattern of the antenna device is obtained by multiplying the pattern of the indi- 
vidual antennas by the array factor of the antenna device. Fig. 1 of the accompanying drawings schematically illustrates 
such an antenna device. The antenna device comprises first and second antennas 101, 102 which are arranged so 
that the distance a between the centres of the first and second antennas 101, 102 is equal to or greater than the 
aperture length b of each of the antennas 101 , 102. By this arrangement, the angle of the first zero point of the array 

is factor of the antenna device becomes smaller than the angle of the zero point of the pattern of the individual antennas 
101 , 102, thereby reducing the beam width of the antenna device. 

However, the conventional art, including the above-described method for reducing the beam width, fails to reduce 
either one of the beam width and the level of side lobes, that is, the indices of a good antenna pattern, without increasing 
the other. According to the conventional art, a reduction of the beam width results in an increase of the level of side 

20 lobes, and a reduction of the level of side lobes results in an increase of the beam width. 

This drawback of the conventional art may cause problems. For example, if the side lobe level of a radar antenna 
is reduced and, therefore, the beam width thereof is inevitably increased, the resolution of the radar deteriorates, thus 
reducing the object distinguishing power of the radar. In such a case, the radar may fail to distinguish a plurality of 
objects and, instead, recognize them as a single object. If the beam width of a radar is reduced and, therefore, the 

2S side lobe level is inevitably increased, the radar may make an error in determining whether there are any objects in 
the direction of the beam (the observation direction). More specifically, if no object exists in the observation direction 
but an object exists in the direction of the thus-enhanced side lobe, the radar may determine that there is an object in 
the observation direction. 

Because neither one of the beam width and the side lobe level can be reduced without increasing the other, the 

so conventional art merely provides a compromise solution based on distributions, for example, Chebyshev distribution, 
in which the minimum beam width is obtained with respect to a certain side lobe level, or in which the minimum side 
lobe level is obtained with respect to a certain beam width. 

Accordingly, an object of the present invention is to provide an antenna device which reduces the side lobe level 
of the antenna pattern without increasing the beam width thereof. 

35 To achieve the object of the present invention, the antenna device of the present invention comprises: a pair of 

array antennas having the same construction and being arranged so that the centres of the array antennas are spaced 
apart from each other by a center-to-center distance, the center-to-center distance being determined so that the angle 
of the first zero point of the array factor determined by the center-to-center distance equals the angle of the first side 
lobe point of the pattern of each of the array antennas; and means for electrically connecting the array antennas in 

40 phase, thereby reducing the side lobe level of the combined antenna pattern of the antenna device. 

The pattern of the antenna device thus constructed becomes a combined pattern obtained by multiplying the 
pattern of the individual array antennas by the array factor determined based on the distance between the centers of 
the array antennas, according to the multiplication principle of the directional characteristics of array antennas. Be- 
cause, according to the present invention, the pair of antennas arrays are so arranged that the angle of the first zero 

45 point of the array factor equals the angle of the first side lobe point of the pattern of the individual array antennas, the 
antenna device achieves a combined antenna pattern in which the first side lobe is eliminated at the angle of the first 
side lobe point. Since the first side lobe is generally the largest of all the side lobes in an antenna pattern, elimination 
of the first side lobe at the angle of the first side lobe point significantly reduces the total side lobe level. 

Incidentally, because the distance between the centers of the two antennas must be smaller than the size of the 

so aperture of the antennas in order to equalize the angle of the first zero point of the array factor to the angle of the first 
side lobe point of the individual antennas, the present invention is not applicable to an antenna having a real aperture, 
such as a parabola antenna. Thus, the present invention must employ array antennas. 

The invention is described further hereinafter, by way of example only, with reference to the accompanying draw- 
ings, in which: - 

55 

Fig. 1 illustrates the construction of a known antenna; 

Fig. 2 is a schematic diagram illustrating the principles of an antenna device in accordance with the present in- 
vention; 
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Fig. 3 illustrates an example of the in-phase coupling of an array antenna according to the present invention; 

Fig. 4 indicates the power pattern of each array antenna of an antenna device according to the present invention; 

Fig. 5 indicates the pattern of the array factor based on the center distance between the array antennas of an 

antenna device according to the present invention ; 
5 Fig. 6 indicates the combined power pattern of an antenna device according to the present invention ; 

Fig. 7 indicates the power pattern of the known antenna device shown in Fig. 1 ; 

Fig. 8 indicates the pattern of the array factor of the known antenna device shown in Fig. 1 ; 

Fig. 9 indicates the combined power pattern of the known antenna device shown in Fig. 1 ; 

Fig. 10 illustrates the construction of an antenna device according to the present invention ; and 
10 Fig. 11 illustrates an equivalent circuit of the antenna device shown in Fig. 10. 

Referring to Fig. 2, two array antennas 1 , 2 have the same construction in which a number N (1 3 in Fig. 2) of array 
elements 3 are arranged leaving intervals d along the x axis indicated by the arrow x in the figure. The two array 
antennas 1, 2 are arranged so that the center points P1, P2 of the array antennas 1, 2 are slightly apart from each 

is other. More specifically, a distance d' between the center points P1 , P2 of the array antennas 1 , 2 (hereinafter, referred 
to as "the center-to-center distance d") is so determined that the angle of the first zero point of the array factor deter- 
mined by the center-to-center distance d' equals the angle of the first side lobe point of the pattern of the individual 
array antennas 1 , 2. The array antennas 1 , 2 are electrically connected in phase so as to become excited in phase. 
•The antennas 1 , 2 are electrically connected in phase' means that all the feed lines connecting a feed point S to the 

20 individual array elements 3 have the same length. This in-phase connection is not illustrated in Fig. 2 because it would 
complicate the drawings. Fig. 3 illustrates an example of the wiring system for achieving the in-phase connection. 
Besides the wiring system as shown in Fig. 3, other methods may be employed to achieve the in-phase connection, 
for example: a method in which phase shifters are provided in the feed lines; and a method in which the lengths of the 
feed lines of array elements relatively close to the feed point S are increased. 

25 The antenna device thus constructed can be used as both a transmitting antenna and a receiving antenna without 

having to make any change in the construction. 

Because the combined pattern of the antenna device is obtained by multiplying the pattern of the individual array 
antennas by the array factor according to the multiplication principle, the above antenna device, in which the angle of 
the first zero point of the array factor is equal to the angle of the first side lobe point, achieves a combined pattern m 

30 which the first side lobe is reduced. 

Next explained will be determination of the center-to-center distance d' which achieves an optimal reduction of the 
side lobe level in the case where each of the array antennas 1, 2 has a number N of array elements 3 arranged 
equidistantly at intervals d and has a uniform electric field distribution. 

First, the pattern of each array antenna is obtained from the following expression (1 ): 
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[sin (N.27c/Vd/2.sine) / {N-sin(2n/X'd/2.sine)}].g(e) ( 1 ) 



where X is the radio wave wavelength, 6 is the angle from the antenna beam direction, g(6) is the pattern of the array 
40 elements of the array antenna. Based on the expression (1), the angle 0 of the first side lobe point approximately 
satisfies the following expression (2): 

N*2*/X-d/2-sine = 3ji/2 ( 2 ) 



The array factor is obtained from the following expression (3): 

cos(27t/\.dV2.sine) ( 3 ) 

where d' is the center-to-center distance between the array antennas 1 and 2. The conditions by which the array factor 
provides the first zero point at the angle 9 which satisfies the expression (2) are obtained from the following expression 

(4): 

2jt/X.-d72-sinG = n/2 ( 4 ) 
Therefore, based on the expressions (2) and (4), the optimal center-to-center distance d' is written as the following 
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expression (5): 

d' s N/3-d ( 5 ) 

5 

The expression (5) requires a condition where N * 3n (n being a positive integer) because if N is a multiple of 3, then 
d 1 becomes a multiple of d, resulting in overlap of array elements of the array antennas 1 and 2. 

Although the optimal center-to-center distance d' has been thus obtained on the assumption that the array antennas 
have a uniform electric field distribution, optimal center-to-center distances for antennas having other patterns of electric 

10 field distribution can be obtained in generally the same manner. 

Figs. 4 to 6 show the results of the simulation of an antenna device as shown in Fig. 2 according to the present 
invention which reduces the side lobe level. The simulation was performed on the assumption that each of the array 
antennas of the antenna device had a uniform electric field distribution and comprised 31 array elements (N = 31) 
arranged equidistantly at intervals of O.SX (d = 0.5X) and, further, that the array elements were half-wave dipole antennas 

is with reflectors (the distance between the array elements and the reflectors being VA) which were arranged so that the 
dipole axes were parallel to the y axis perpendicular to the x axis. Fig. 4 shows the power pattern of the individual array 
antennas 1 and 2. Fig. 5 shows the pattern of the array factor determined based on the center-to-center distance d' (= 
31 /3-d * 5.17X) between the array antennas 1 and 2. Fig. 6 shows the combined power pattern of the antenna device 
constructed as shown in Fig. 2. These figures indicate that the maximum side lobe level can be reduced from about 

20 -1 3 dB in the pattern of the individual array antennas to about -18 dB in the combined pattern of the antenna device 
according to the present invention. The figures further indicate that even the beam width can be slightly reduced. 

For comparison, Figs. 7 to 9 shows the results of the simulation of the known antenna device, as shown in Fig. 1 , 
in which the center-to-center distance is greater than the aperture length of each array antenna. The simulation was 
performed on the assumption that the two array antennas of the known antenna device were the same as those em- 

25 ployed in the antenna device according to the present invention but shifted away from each other by a center4o-center 
distance d' = 20X. Fig. 7 shows the power pattern of the individual array antennas. Fig. 8 shows the pattern of the array 
factor determined based on the center-to-center distance between the two array antennas. Fig. 9 shows the combined 
power pattern of the conventional antenna device. These figures indicate that the conventional antenna device achieves 
almost no reduction of the maximum side-lobe level. 

30 Fig. 1 0 illustrates the construction of an antenna device according to the present invention. Each of array antennas 

1 1 and 1 2 comprises patch antennas 1 3 and 1 4, respectively, as the array elements. All the patch antennas 1 3, 1 4 of 
the array antennas 1 1 , 1 2 are connected in phase. The equivalent circuit of this antenna device is shown in Fig. 11 . 

As described above, the antenna device of the present invention achieves a combined antenna pattern in which 
the first side lobe is eliminated at the angle of the first side lobe point of each array antenna, thus reducing the side 

35 lobe level without increasing the beam width. 

While the present invention has been described with reference to what is presently considered to be the preferred 
embodiment, it is to be understood that the invention is not limited to the disclosed embodiments. 



40 Claims 

1 . An antenna device having low side-lobe characteristics comprising: 

a pair of array antennas having the same construction and being arranged so that the centres of said array 
45 antennas are spaced apart from each other by a centre-to-centre distance, the centre-to-centre distance being 

determined so that the angle of the first zero point of the array factor determined by the centre-to-centre 
distance equals the angle of the first side lobe point of the pattern of each of said array antennas; and 
means for electrically connecting said array antennas in phase, 

whereby the side lobe level of the combined antenna pattern of said antenna device is reduced. 

50 

2. An antenna device having low side-lobe characteristics according to claim 1 , wherein each of said array antennas 
comprises elements equidistantly arranged so as to achieve a uniform electric field distribution and wherein the 
centre-to-centre distance is determined by a following formula: 

55 d' = (N/3).d 

where: d" is the centre-to-centre distance; N is the number of elements of each of said array antennas, excluding 
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multiples of 3; and d is the interval between elements. 

3. An antenna device having low side-lobe characteristics according to claim 1 or 2, wherein said means includes a 
feed point and feed lines connecting said feed point individually to elements of each of said array antennas, said 
feed lines having the same length. 

4. An antenna device having low side-lobe characteristics according to claim 1 or 2, wherein said means includes a 
feed point, feed lines connecting said feed point individually to elements of each of said array antennas, and a 
phase shifter provided for at least one of said feed lines. 

Patentanspruche 

1. Antenne mit Nebenkeulenunterdruckung, umfassend: 



ein Paar Strahlerfelder derselben Konstruktion, die so angeordnet sind, daB die Mittelpunkte der genannten 
Strahlerfelder urn eine Mitte-zu-Mitte-Entfernung voneinander beabstandet sind, wobei die Mitte-zu-Mitte-Ent- 
femung so bestimmt wird, daB der Winkel des ersten Nullpunktes des durch die Mitte-zu-Mitte-Entfernung 
bestimmten Gruppenfaktors dem Winkel des ersten Nebenkeulenpunktes des Strahlungsdiagrammes jedes 
20 der genannten Strahlerfelder gleicht; und 

ein Mittel fur den phasengleichen elektrischen AnschluB der genannten Strahlerfelder, 

wodurch die Nebenkeule des kombinierten Antennenstrahlunsdiagramms der genannten Antenne reduziert 

wird. 

25 2. Antenne mit Nebenkeulenunterdruckung nach Anspruch 1 , bei der jedes der genannten Strahlerfelder Elemente 
umfaBt, die im gleichen Abstand angeordnet sind, urn eine gleichfdrmige elektrische Feldverteilung zu erzielen, 
und bei der die Mitte-zu-Mitte-Entfernung bestimmt wird durch die folgende Formel: 



d' = (N/3).d 

wobei d* die Mitte-zu-Mitte-Entfernung, N die Anzahl der Elemente jedes der genannten Strahlerfelder, ausgenom- 
men Vie If ache von 3, und d das Intervall zwischen Elementen ist. 

35 3. Antenne mit Nebenkeulenunterdruckung nach Anspruch 1 Oder 2, bei der das genannte Mittel einen Speisepunkt 
und Speiseleitungen aufweist, die den genannten Speisepunkt einzeln mit Elementen jedes der genannten Strah- 
lerfelder verbinden, wobei die genannten Speiseleitungen dieselbe Lange aufweisen. 

4. Antenne mit Nebenkeulenunterdruckung nach Anspruch 1 oder 2, bei der das genannte Mittel einen Speisepunkt, 
40 Speiseleitungen, die den genannten Speisepunkt einzeln mit Elementen jedes der genannten Strahlerfelder ver- 

binden, und einen Phasenschieber fur wenigstens eine der genannten Speiseleitungen aufweist. 



Revendications 

1. . Dispositif d'antenne ayant des caracteristiques de lobes secondaires faibles comprenant 



une paire d'antennes reseau ayant la meme structure et disposees de maniere a ce que les centres desdites 
antennes reseau soient espaces run de I'autre d'une distance d'un centre a I'autre, la distance d'une centre 
so a I'autre etant determinee de telle sorte que I'angle du premier point zero du facteur de reseau determine par 

la distance d'un centre a I'autre soit 6gal a I'angle du premier point de lobe secondaire du motif de chacune 
desdites antennes reseau ; et 

des moyens destines a connecter electriquement lesdites antennes reseau en phase, 

de sorte que le niveau de lobe secondaire du motif d'antenne combine dudit dispositif d'antenne est reduit. 

55 

2. Dispositif d'antenne ayant des caracteristiques de lobes secondaires faibles selon la revendication 1 , dans lequel 
chacune desdites antennes de reseau comprend des elements disposes de maniere equidistante afin de realiser 
une distribution uniforme du champ electrique et dans lequel la distance d'un centre a I'autre est determinee par 
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la formule suivante : 

d' = (N/3).d 

ou : d' est la distance d'un centre a I'autre ; N est le nombre d'elements de chacune desdites antennes reseau, 
a I'exception des multiples de 3 ; et d et I'intervalle entre les elements. 

Dispositif d'antenne ayant des caracteristiques de lobes secondaires faibles selon la revendication 1 ou 2, dans 
lequel lesdits moyens comprennent un point d'alimentation et des lignes d'alimentation connectant ledit point d'ali- 
mentation individuellement aux elements desdites antennes reseau, lesdites lignes d'alimentation ayant la meme 
longueur. 

Dispositif d'antenne ayant des caracteristiques de lobes secondaires faibles selon la revendication 1 ou 2, dans 
lequel lesdits moyens comprennent un point d'alimentation, des lignes d'alimentation connectant ledit point d'ali- 
mentation individuellement aux elements de chacune desdites antennes reseau, et un dephaseur prevu pour au 
moins Tune desdites lignes d'alimentation. 
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FIG. 3 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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